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PROBLEM TO BE SOLVED: To make a photographic lens used for a 
mobile camera etc., thinner. 



SOLUTION: The photographic lens is constituted of an aperture 
diaphragm 1 of a prescribed diameter, a 1st lens 2 having a positive 
refractive power and whose convex S2 faces an object side, a 2nd 
les 3 having a positive refractive power and whose concave S4 
faces the object side, and both faces S4 and S5 of which are 
aspherical, and a 3rd lens 4 having a negative refractive power and 
whose convex S6 faces the object side, and both surfaces S6 and 
S7 of which are aspherical, arranged in this order from the object 
side to an image field side. By having the lens constitution of three- 
group and three-lens, the thin-shaped photographic lens is 
obtained, wherein an appropriate back focus is secured, various 
kinds of aberration are satisfactorily corrected, and whose whole 




lens length is shortened, and which is suitable to a high density l?M$M /J? , 

imaging device having 1,000,000 or more pixels. m£i 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It turns to an image surface side from a body side, and is in order, 
An aperture diaphragm with predetermined aperture, 

The 1st lens which turns a convex to a body side and has forward refractive power, 
The 2nd lens which turns a concave surface to a body side and has forward refractive 
power, 

The 3rd lens which turns a convex to a body side and has negative refractive power, 
****** - the taking lens characterized by things. 
[Claim 2] 

Said 2nd lens and 3rd lens have the aspheric surface to both sides by the side of a body 
and the image surface, 

The taking lens according to claim 1 characterized by things. 
[Claim 3] 

It is formed so that said 3rd lens may have the aspheric surface in an image surface side 
and may have point of inflection on the way, 

The taking lens according to claim 1 or 2 characterized by things. 
[Claim 4] 

It is formed so that said 2nd lens may have the aspheric surface in a body side, and may 
take it toward a periphery and refractive power may become small, 
claim 1 characterized by things thru/or 3 - a taking lens given in either. 
[Claim 5] 

Said 2nd lens and 3rd lens are formed with the resin ingredient, 

claim 1 characterized by things thru/or 4 - a taking lens given in either. 

[Claim 6] 

When setting to TL the overall length of the lens system to the image surface where 
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image formation of the photographic subject is carried out from f and the front face of a 
body side of said aperture diaphragm in the focal distance of the lens whole system, 

(1) TL/f<1.6, 

claim 1 characterized by being satisfied thru/or 5 a taking lens given in either. 
[Claim 7] 

When setting the Abbe number of said 1st lens to nu 1, 

(2) nul> 45, 

claim 1 characterized by being satisfied thru/or 6 a taking lens given in either. 
[Claim 8] 

When setting [ the radius of curvature of the field by the side of the body of said 2nd 
lens / the radius of curvature of the field by the side of R4 and the image surface of said 
2nd lens ] the radius of curvature of the field by the side of R6 and the image surface of 
said 3rd lens to R7 for the radius of curvature of the field by the side of R5 and the body 
of said 3rd lens, 

(3) 0.7<**R4**/**R5** - <2, 

(4) 1<R6/R7<4, 

claim 1 characterized by being satisfied thru/or 7 - a taking lens given in either. 
[Claim 9] 

When setting the focal distance of D5 and the lens whole system to f for spacing in the 
direction of an optical axis of said 2nd lens and said 3rd lens, 

(5) D5/f<0.15, 

claim 1 characterized by being satisfied thru/or 8 a taking lens given in either. 
[Claim 10] 

When setting thickness [ in / for the thickness in the direction of an optical axis of said 
2nd lens / D4 and the direction of an optical axis of said 3rd lens ] to D6, 

(6) 0.8<D4/D6<1.3, 

claim 1 characterized by being satisfied thru/or 9 a taking lens given in either. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 
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This invention relates to the taking lens applied to mobile cameras, such as a portable 
telephone equipped with image sensors, such as CCD, a Personal Digital Assistant 
machine (PDA), and a pocket mold personal computer, a digital still camera, a video 
camera, etc. 
[0002] 

[Description of the Prior Art] 

What is applied as a taking lens applied to image sensors, such as CCD, in order to 
photo an animation, for example like the camera for a monitor etc. is known. 
Photography of an animation was mainly presented with this camera for a monitor, and 
since there were comparatively few pixels of that image sensor, high optical -character 
ability was not needed for the lens itself. 

In the image sensor used for the conventional camera for a monitor, the video camera, 
etc., although the badness of the image quality of a photography image was pointed out 
compared with the silver halide film-type camera, the thing of the image quality near 
an image with a silver halide film-type camera is increasingly obtained by the 
remarkable technical progress of the image sensor in recent years. Simultaneously, the 
miniaturization of an image sensor, densification, etc. are attained, and as a taking lens 
applied to a digital still camera etc., while it is highly efficient, small, the thin shape, 
and a cheap thing are desired strongly. 
[0003] 

On the other hand, the taking lens used for a portable telephone, a Personal Digital 
Assistant machine (PDA), etc. was not what is enough satisfied as an image obtained 
corresponding to the 100,000 pixels - about 350,000 pixels image sensor of 
comparatively a low consistency, although the configuration number of sheets of a lens 
was very as small as about 1-2 sheets and had become a thin shape. 
Moreover, in order to use light efficiently from the former, the micro lens is prepared in 
image sensors, such as CCD, on the surface of the image sensor. So, if the beam-of- light 
include angle which carries out incidence to an image sensor is too large, a KERARE 
phenomenon will be produced and light will not go into an image sensor. Then, what the 
exit pupil is distant from the image surface enough, made small whenever 
[ include-angle / in which a beam of light carries out incidence to an image sensor /, i.e., 
the angle of emergence, ] as a taking lens applied to these, and improved tele cent 
rucksack nature was common (for example, patent reference 1, patent reference 2, 
patent reference 3, patent reference 4, patent reference 5, patent reference 6, and 
patent reference 7 reference). 
[0004] 
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[Patent reference l] 
JP,2000- 171697, A 
[Patent reference 2] 
JP,2001- 133684, A 
[Patent reference 3] 
JP,2002-98888,A 
[Patent reference 4] 
JP,2002- 162561, A 
[Patent reference 5] 
JP,05-40220,A 
[Patent reference 6] 
JP,05- 157962, A 
[Patent reference 7] 
JP,05- 188284, A 
[0005] 

[Problem(s) to be Solved by the Invention] 

By the way, although it was more small and the cheaper taking lens was demanded 
more with the thin shape by the remarkable technical progress of the image sensor in 
recent years at high resolving, although tele cent rucksack nature was improved in the 
conventional taking lens therefore, the lens overall length became comparatively long, 
and it was not more suitable in respect of thin- shape izing. 

the conventional image sensor on the other hand the limitation of whenever 
[ angle of -emergence / of a beam of light ] - constraint - winning popularity a taking 
lens so much - being thin (lens system overall length so short) - although it was not 
able to do, whenever [ angleofemergence / of a beam of light ] can also use the thing of 
an about [ 20 degrees ] by devising a micro lens. Therefore, the thinner taking lens 
suitable for an image sensor with such a micro lens is demanded. 
[0006] 

The place which accomplishes this invention in view of the above-mentioned point, and 
is made into the purpose By being able to attain miniaturization, thin-shape-izing, 
lightweight-izing, and low cost-ization etc., and selecting appropriately the location 
which gives the aspheric surface with a very simple lens configuration, canceling a 
KERARE phenomenon etc. It is in offering the highly efficient taking lens which can 
respond to the high-density image sensor 1 million pixels or more carried in mobile 
cameras, such as a portable telephone and a Personal Digital Assistant machine, a 
digital still camera, a digital camcorder, etc. 
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[0007] 

[Means for Solving the Problem] 

The taking lens of this invention is characterized by including the 1st lens which turns 
a convex to a body side towards an image surface side with the aperture diaphragm 
which has predetermined aperture in order from a body side, and has forward refractive 
power, the 2nd lens which turns a concave surface to a body side and has forward 
refractive power, and the 3rd lens which turns a convex to a body side and has negative 
refractive power. 

According to this configuration, when an aperture diaphragm is arranged at a tip, and 
the 1st lens and the 2nd lens have forward refractive power and consider as the lens 
configuration of three groups [ three ] in which the 3rd lens has negative refractive 
power, a suitable back focus is secured and a lens overall length can obtain a short thin 
taking lens. 
[0008] 

In the above-mentioned configuration, the configuration which has the aspheric surface 
to both sides by the side of a body and the image surface can be used for the 2nd lens 
and the 3rd lens. 

Improving effectively the point that take for shortening the overall length of a lens 
system and miniaturizing, amendment of each aberration becomes difficult, and also 
whenever [ angle -of-emergence ] becomes large again according to this configuration, it 
is adapted for a high density image sensor, and whenever [ angle -of-emergence / of a 
beam of light ] is 24 or less degrees, and the taking lens with which many aberration 
was amended good can be obtained. 
[0009] 

In the above-mentioned configuration, the configuration currently formed so that it may 
have the aspheric surface in an image surface side and may have point of inflection on 
the way can be used for the 3rd lens. 

According to this configuration, whenever [ angle of emerge nee ] can be made small by 
establishing the point of inflection which changes from a concave to convex in the 
location in the middle of going on the outside of the direction of a path in the scope of the 
aspheric surface, amending many aberration especially astigmatism, and distortion 
aberration good. 
[0010] 

In the above-mentioned configuration, the configuration currently formed so that it may 
have the aspheric surface in a body side, and it may take toward a periphery and 
refractive power may become small can be used for the 2nd lens. 
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According to this configuration, amendment of many aberration especially astigmatism, 

and comatic aberration becomes easy, and it can amend good. 

[0011] 

The configuration currently formed with the resin ingredient can be used for the 2nd 
lens and the 3rd lens in the above-mentioned configuration. 

According to this configuration, a production cost can be reduced by considering as a 
resin ingredient, and lightweight-ization can also be performed. Moreover, since it is 
performed by injection molding when forming with a resin ingredient, complicated 
configurations, such as a curve side which has point of inflection, can also be formed 
easily. 
[0012] . 

When setting to TL the overall length of the lens system to the image surface where 
image formation of the photographic subject is carried out from f and the front face of a 
body side of an aperture diaphragm in the focal distance of the lens whole system in the 
above-mentioned configuration, 

(1) TL/f<1.6, 

The configuration to satisfy is employable. 

According to this configuration, the miniaturization of a taking lens and thin 
shape ization can be easily attained by defining the relation between the focal distance 
of the lens whole system, and the overall length of a lens system like (l) type. 
[0013] 

When setting the Abbe number of the 1st lens to nu 1 in the above-mentioned 
configuration, 

(2) nul> 45, 

The configuration to satisfy is employable. 

According to this configuration, axial overtone aberration and the chromatic aberration 
of magnification can be especially amended good by defining the Abbe number of the 1st 
lens like (2) types. 
[0014] 

When setting [ the radius of curvature of the field by the side of the body of the 2nd lens 
/ the radius of curvature of the field by the side of R4 and the image surface of the 2nd 
lens ] the radius of curvature of the field by the side of R6 and the image surface of the 
3rd lens to R7 for the radius of curvature of the field by the side of R5 and the body of 
the 3rd lens in the above-mentioned configuration, 

(3) 0.7<**R4**/**R5** - <2, 

(4) 1<R6/R7<4, 
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The configuration to satisfy is employable. 

Securing a suitable back focus by forming so that the radius of curvature of the 2nd lens 
may fill (3) types, and forming so that the radius of curvature of the 3rd lens may fill (4) 
types according to this configuration, many aberration especially astigmatism, and 
distortion aberration can be amended good, and a good optical property is obtained. 
[0015] 

When setting the focal distance of D5 and the lens whole system to f for spacing in the 
direction of an optical axis of the 2nd lens and said 3rd lens in the above-mentioned 
configuration, s 

(5) D5/f<0.15, 

The configuration to satisfy is employable. 

According to this configuration, many aberration especially astigmatism, and distortion 
aberration can be amended good by forming so that spacing of the 2nd lens and the 3rd 
lens may fill (5) types. 
[0016] 

When setting thickness [ in / for the thickness in the direction of an optical axis of the 
2nd lens / D4 and the direction of an optical axis of the 3rd lens ] to D6 in the 
above - mentioned configuration, 

(6) 0.8<D4/D6<1.3, 

The configuration to satisfy is employable. 

Securing a suitable back focus by forming so that the thickness of the 2nd lens and the 
3rd lens may fill (6) types according to this configuration, many aberration, especially 
astigmatism can be amended good and a good optical property is obtained. 
[0017] 

[Embodiment of the Invention] 

Hereafter, the gestalt of operation of this invention is explained, referring to an 
accompanying drawing. 

Drawing 1 is the basic block diagram showing 1 operation gestalt of the taking lens 
concerning this invention. As the taking lens concerning this operation gestalt is shown 
in drawing 1 , the aperture diaphragm 1 which has predetermined aperture towards an 
image surface side from a body side, and the 2nd lens group (II) and the 3rd lens group 
(III) are arranged one by one. [ the 1st lens group CD, and ] 
[0018] 

The 1st lens group (I) is formed with the 1st lens 2 which turns a convex to a body side 
and has forward refractive power. The 2nd lens group (II) is formed with the 2nd lens 3 
which turns a concave surface to a body side and has forward refractive power. The 3rd 
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lens group (III) is formed with the 3rd lens 4 which turns a convex to a body side and 
has negative refractive power. 

In this array configuration, rather than the 3rd lens 4, the glass filter 5 which becomes 
image surface side approach from the parallel plate as an infrared cut filter, a low pass 
filter, etc. will be arranged, and, back, the image surfaces S, such as CCD, will be 
arranged further. 
[0019] 

In addition, it sets in the array configuration which consists of an aperture diaphragm 1, 
the 1st lens 2, the 2nd lens 3, the 3rd lens 4, and a glass filter 5. As shown in drawing 1 , 
each field of an aperture diaphragm 1, lenses 2-4, and a glass filter 5 Si (i=l-9), N4 and 
the Abbe number are expressed with nu 4 for a refractive index [ as opposed to / in the 
refractive index of the 1st lens / as opposed to Ri 6=1-9) and d line for the radius of 
curvature of each field Si / 2 ■ the 3rd lens 4 / nui 6=1-3) and d line of a glass filter 5 for 
nickel 6=1*3) and the Abbe number ]. Furthermore, spacing (thickness, air spacing) in 
each direction L of an optical axis from an aperture diaphragm 1 to a glass filter 5 is 
expressed with Di 6=1 _ 8), and a back focus is expressed with BR 
[0020] 

Here, when (back focus sets distance of air scaled distance) to TL to the image surface S 
where image formation of the photographic subject is carried out in the focal distance of 
the lens whole system from f and the front face Si of a body side of an aperture 
diaphragm 1, it is the following conditional expression (l), 

(1) TL/f<1.6, 

It is constituted so that it may be satisfied. 

The suitable ratio of the dimension of the direction of an optical axis of the lens whole 
system and the focal distance of the lens whole system is provided by conditional 
expression (l), and it is the conditions about thin- shape -izing of a lens. By forming so 
that the value of this TL/f may become less than 1.6, a miniaturization and thin 
shape ization are attained easily. 
[0021] 

For the 1st lens 2, it is formed with the glass ingredient and the Abbe number nu 1 is 
the following conditional expression (2), 

(2) nul> 45, 

It is constituted so that it may be satisfied. 

If the suitable Abbe number of the 1st lens 2 is provided by conditional expression (2) 
and this conditional expression is not filled, axial overtone aberration and the chromatic 
aberration of magnification will become large especially. Therefore, axial overtone 
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aberration and the chromatic aberration of magnification can be amended good by 

satisfying this conditional expression. 

[0022] 

The 2nd lens 3 is a lens with which the concave surface was turned to the body side and 
it turned the convex to the image surface side, and is formed with the resin ingredient 
here. Moreover, as for the 2nd lens 3, double-sided S4 by the side of a body and the 
image surface and S5 are formed in the aspheric surface. Furthermore, the aspheric 
surface formed in field S4 by the side of the body of the 2nd lens 3 is formed so that it 
may take toward a periphery and refractive power may become small. 
Many aberration can be amended good, securing a suitable back focus by a lens overall 
length becoming short and taking for miniaturizing, and making double -sided S4 of the 
2nd lens 3, and S5 into the aspheric surface, although it is in the inclination for 
amendment of each aberration to become very difficult and for also whenever 
[ angle-of-emergence ] to become very large. Astigmatism and comatic aberration can be 
easily amended by making refractive power of a periphery small especially. 
[0023] 

The 3rd lens 4 is a lens to which the concave surface by the side of the image surface 
was turned, and the convex is formed in the body side with the resin ingredient here. 
Moreover, as for the 3rd lens 4, both sides S6 and S7 by the side of a body and the image 
surface are formed in the aspheric surface. Furthermore, while going to the direction 
outside of a path from a core, the aspheric surface formed in the image surface side of 
the 3rd lens 4 is formed so that it may have the point of inflection which changes from a 
concave to convex. 

Although it is in the inclination for amendment of each aberration to become very 
difficult by it becoming same short mentioning a lens overall length's above, and taking 
for miniaturizing, and for also whenever [ angle-of-emergence ] to become very large 
also in this case, many aberration can be amended good, securing a suitable back focus 
by making both sides S6 and S7 of the 3rd lens 4 into the aspheric surface. 
Amending astigmatism and distortion aberration good by considering as the 
configuration where point of inflection was prepared especially, whenever 
[ angle-of-emergence ] can be made small and the image surface of a core and the 
circumference can be made easily in agreement. 
[0024] 

Here, the formula showing the aspheric surface formed in the 2nd lens 3 and the 3rd 
lens 4 is prescribed by the degree type. 

l+(l-epsilonC 2y2) !/Z=Cy2/[2]+Dy4+Ey6+Fy8+Gyl0+Hyl2 - however Z: - the height 
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from [ from the tangential plane in the top most vertices of the aspheric surface ] an 
optical axis L the distance to the point on the aspheric surface of y, and - they are 
the height from an optical axis L, the curvature (l/R) in the top most vertices .of 
C:aspheric surface, epsilon'cone constant, D, E, F and G, and H^aspheric surface 
multiplier. 
[0025] 

Moreover, it sets in the above-mentioned configuration and, for the 2nd lens 3 and the 
3rd lens 4, the radius of curvatures R4 and R5 of the 2nd lens 3 and the radius of 
curvatures R6 and R7 of the 3rd lens 4 are the following conditional expression (3) and 
(4), 

(3) 0.7<**R4**/**R5** - <2, 

(4) 1<R6/R7<4, 

It is constituted so that it may be satisfied. 

Conditional expression (3) and (4) define the ratio of the suitable radius of curvature of 
a lens so that they may attain a good optical property in the 2nd lens 3 and the 3rd lens 
4. If such conditional expression is not filled, it will become difficult to secure a suitable 
back focus, and amendment of many aberration especially astigmatism, and distortion 
aberration will become difficult. Therefore,- by satisfying such conditional expression, a 
suitable back focus can be secured, and many aberration can be amended good, and 
sufficient optical property can be obtained. 
[0026] 

Moreover, for the 2nd lens 3 and the 3rd lens 4, both spacing D5 in the direction of an 
optical axis and the focal distance f of the lens whole system are the following 
conditional expression (5), 

(5) D5/f<0.15, 

It is constituted so that it may be satisfied. 

Suitable lens spacing in the direction of an optical axis of the 2nd lens 3 and the 3rd lens 
4 is provided by conditional expression (5). If this conditional expression is not filled, 
since the distance to an exit pupil becomes long and the include angle of the beam of 
light which carries out incidence to an image sensor becomes small, it is advantageous, 
but while the overall length of a lens system becomes long, since the outer diameter of 
the 3rd lens 4 also becomes large, amendment of astigmatism and distortion aberration 
becomes difficult preferably and especially. Therefore, many aberration especially 
astigmatism, and distortion aberration can be amended good, attaining 
thin- shape izing and a miniaturization by satisfying this conditional expression. 
[0027] 
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Furthermore, for the 2nd lens 3 and the 3rd lens 4, thick D4 of the 2nd lens 3 and thick 
D6 of the 3rd lens 4 are the following conditional expression (6), 
(6)0.8<D4/D6<1.3, 

It is constituted so that it may be satisfied. 

The suitable ratio of wall thickness to outside diameter kicked on the optical axis of the 
2nd lens 3 and the 3rd lens 4 is provided by conditional expression (6). If this 
conditional expression is not filled, reservation of a suitable back focus will become 
difficult, and amendment of many aberration, especially astigmatism will become 
difficult. Therefore, by satisfying this conditional expression, a suitable back focus is 
secured, many aberration, especially astigmatism can be amended good, and a good 
optical property is obtained. 
[0028] 

The example by the concrete numeric value of the operation gestalt which consists of 
the above-mentioned configuration is shown below as an example 1. The numeric data 
about the aspheric surface is shown [ various numeric data (set point) ] for the main 
specification items in an example 1 in Table 1 in Table 2 at Table 3, respectively. 
Moreover, the aberration diagram about the spherical aberration in this example 1, 
astigmatism, distortion aberration (distortion), and the chromatic aberration of 
magnification brings a result as shown in drawing 2 . In addition, in drawing 2 , in the 
aberration according [ d ] to d line, and F, the aberration by the F line and c show [ H ] 
the aberration by c line according [ incidence height and Y* ] to image height, 
respectively, and SC shows the dissatisfied amount of sine condition, further, DS shows 
the aberration in a sagittal plane and DT shows the aberration in a meridional plane. 
[0029] 
[Table l] 
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[0030] 
[Table 2] 



JP2004-212467 

13 





ffi^MS (mm) 


mm (mm) 


B#f*(Nd) 


7^i( 


S 1 


R 1 oo 
(MO) 












D 1 0.050 






S 2 


R 2 2.100 


D 2 1.013 


N 1 

1 . 4 9 7 0 0 


v 1 
8 1.6 


S 3 


R3 -31.041 






D 3 0.84 0 






S 4 
* 


R 4 —1.307 


D4 1.090 


N2 
1 . 5 0 9 1 4 


v 2 
5 6.4 


S 5 
* 


R 5 —1.415 






D 5 0.100 






S 6 
* 


R 6 2. 6 2 0 


D 6 1.045 


N3 
1 . 5 0 9 1 4 


v3 
5 6.4 


S7 
* 


R7 1.573 






D 7 0.7 8 3 






S8 


OO 


D 8 0.7 5 0 


N4 
1. 5 16 8 0 


v 4 
64. 2 


S 9 


oo 






BF 0.3 0 







[0031] 



14 



JP2004-212467 



[Table 3] 
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[0032] 

Here, it is the value of conditional-expression (l) * (6), 

(1) TL/f=1.31 (<1.6), 

(2) nul=81.6 (> 45), 

(3) **R4**/**R5** - =0.92 (0.7< 0.92<2), 

(4) R6/R7=1.67 (l< 1.67<4), 

(5) D5/f=0.02(<0.15), 

(6) D4/D 6= 1.04 (0.8< 1.04<1.3), 
It became and all are satisfied. 
[0033] 

For 4.14mm and a back focus (air conversion), whenever [ angle-of-emergence / of 
1.58mm and an outermost angle beam of light ] is [ a lens overall length ] ** in the 
condition that a back focus is not included in the above-mentioned example 1. - 
18.9degree ** and the f number are set to 3.95, a field angle sets it 60.4 degrees, it is a 
thin shape (the dimension of the direction of an optical axis is short), many aberration is 
amended good, and the high taking lens of the suitable optical-character ability for the 
image sensor of a high density pixel is obtained. 
[0034] 

Drawing 3 is the basic block diagram showing other operation gestalten of the taking 
lens concerning this invention. In this taking lens, the same configuration as the 
above-mentioned operation gestalt is made except having changed the specification of 
each lens. 
[0035] 

The example by the concrete numeric value of this operation gestalt is shown below as 
an example 2. The numeric data about the aspheric surface is shown [ various numeric 
data (set point) ] for the main specification items in an example 2 in Table 4 in Table 5 
at Table 6, respectively. Moreover, the aberration diagram about the spherical 
aberration in this example 2, astigmatism, distortion aberration (distortion), and the 
chromatic aberration of magnification brings a result as shown in drawing 4 . In 
addition, in drawing 4 , in the aberration according [ d ] to d line, and F, the aberration 
by the F line and c show [ H ] the aberration by c line according [ incidence height and 
Y* ] to image height, respectively, and SC shows the dissatisfied amount of sine 
condition, further, DS shows the aberration in a sagittal plane and DT shows the 
aberration in a meridional plane. 
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[0036] 
[Table 4] 



mmsm 


mm 


m 


4 . 4 0 mm 




4.32 mm 


7 (gaiMjc) 


1 . 7 9 mm 


FNo 


4. 0 0 


; ft ^7 
if) 


6 . 3 6 mm 




— 5 . 3 0 mm 


; -ft-? 7. 
7 4 5 $8 
L) TL 


6 . 19 mm 




- 1 7. 8° 


mn {2(d) 


6 0. 6° 



[0037] 
[Table 5] 
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m 


ffi^^fl (mm) 


mm (mm) 


Jffl|f*<Nd) 




S 1 


R 1 oo 












D 1 0.000 






S 2 


R 2 3.146 


D2 1. 000 


N 1 

1 . 7 13 0 0 


v 1 
5 3.9 


S 3 


R 3 12.111 






D 3 1.10 0 






S4 
* 


R4 -1.550 


D 4 1.10 0 


N2 
1 . 5 0 9 1 4 


v 2 
5 6.4 


S 5 
* 


R 5 -1.345 






D 5 0.2 0 0 






S 6 


R 6 2.182 


D 6 1.000 


N3 
1 . 5 0 9 1 4 


v 3 
5 6. 4 


S 7 


R 7 1.450 






D 7 1.15 8 






S 8 


OO 


D8 0. 5 0 0 


N4 
1 . 5 16 8 0 


v4 
64. 2 


S 9 


oo 






BF 0. 30 
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[Table 6] 



m 




S4 


£ 


-5. 2121236 


D 


-0. 1 4 2 1 0 7 5 


E 


0. 4925830x1 0" 1 


F 


-0. 1896358X1 0- 2 


G 


-0 . 1 0 4 8 4 7 9 x 1 0~ 2 


H 


0. 1 2 7 0 4 3 5x 1 0~ 4 


S5 


e 


0. 3880839 


D 


-0. 9 0 1 3 8 5 2X 1 0" 2 


! E 


0. 9477626X1 0" 2 


F 


0. 4045367X1 0" 2 


G 


-0. 4 5 8 3 1 7 3X 1 0- 3 


H 


0. 1708697x1 0" 4 


S 6 


e 


-7. 10 2 2 4 3 4 


D 


-0. 5224621X1 O" 1 


E 


0. 2 4 71356X10" 1 


F 


-0. 5362617x1 0-2 


G 


0. 3412775X1 0- 3 


H 


0. 1368477x1 0-" 


S7 


£ 


-3. 9418225 


D 


-0. 4 6 6 7 48 2x 1 0"' 


E 


0. 1469927x10 - 1 


F 


-0. 2858500X10" 2 


G 


0. 2157729X1 0- 3 


H 


-0. 2586001X1 0" s 
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[0039] 

Here, it is the value of conditional-expression (l) - (6), 

(1) TL/f=1.43 (<1.6), 

(2) nul=53.9 (> 45), 

(3) **R4**/**R5** - =1.15 (0.7< 1.15<2), 

(4) R6/R7=1.50 (1< 1.50<4), 

(5) D5/f=0.05(<0.15), 

(6) D4/D 6= 1.1 (0.8< 1.K1.3), 
It became and all are satisfied. 
[0040] 

For 4.40mm and a back focus (air conversion), whenever [ angle of-emergence / of 
1.79mm and an outermost angle beam of light ] is [ a lens overall length ] ** in the 
condition that a back focus is not included in the above-mentioned example 2. - 
17.8degree ** and the f number are set to 4.00, a field angle sets it 60.6 degrees, it is a 
thin shape (the dimension of the direction of an optical axis is short), many aberration is 
amended good, and the high taking lens of the suitable optical-character ability for the 
image sensor of a high density pixel is obtained. 
[0041] 

Drawing 5 is the basic block diagram showing the operation gestalt of further others of 
the taking lens concerning this invention. In this taking lens, the same configuration as 
the above-mentioned operation gestalt is made except having changed the specification 
of each lens. 
[0042] 

The example by the concrete numeric value of this operation gestalt is shown below as 
an example 3. The numeric data about the aspheric surface is shown [ various numeric 
data (set point) ] for the main specification items in an example 3 in Table 7 in Table 8 
at Table 9, respectively. Moreover, the aberration diagram about the sphericial 
aberration in this example 3, astigmatism, distortion aberration (distortion), and the 
chromatic aberration of magnification brings a result as shown in drawing 6 . In 
addition, in drawing 6 , in the aberration according [ d ] to d line, and F, the aberration 
by the F line and c show [ H ] the aberration by c line according [ incidence height and 
Y* ] to image height, respectively, and SC shows the dissatisfied amount of sine 
condition, further, DS shows the aberration in a sagittal plane and DT shows the 
aberration in a meridional plane. 
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[0043] 
[Table 7] 







~~W> 3 1/ >X& 

m 


4 . 15 mm 




4 . 3 5 mm 




1 . 5 6 mm 


FN o 


3.9 6 


-mm ; i3^x 


5. 9 7mm 




— 4 . 3 5 mm 


t>BU® 

-mm ; 

b) TL 


5 . 7 1 mm 




- 1 8. 9° 


Stft (2o>) 


60. 8° 



<BR> [0044] 
[Table 8] 
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m 


ffi^S (mm) 


HPft (mm) 


jg#r^(Nd) 




S 1 


R 1 00 
(mam) 












D 1 0.100 






S 2 


R2 2. 1 G 0 


D2 1.032 


N 1 

1 . 4 9 7 0 0 


v 1 i 
8 1.6 


S 3 


R3 -2 2.7 9 0 






D3 0.82 1 






S4 
* 


R4 -1.318 


D4 1.097 


N2 
1 . 5 0 9 1 4 


v2 
5 6.4 


S 5 

* , 


R 5 -1.15 5 






D 5 0.100 






S 6 
* 


R 6 4.7 6 6 


D 6 1.000 


N3 
1 . 5 0 9 14 


v 3 
5 6.4 


S7 


R7 1.546 






D 7 0.7 6 9 






S8 


oo 


D8 0.7 5 0 


N4 
1 . 5 16 8 0 


v4 
6 4.2 


S 9 


oo 






BF 0.3 0 
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[Table 9] 



m 




S 4 


£ 


-0. 670092 


D 


-0. 1 1 2 5 6 5 0 


E 


0.1 2 3 0 1 7 0 


F 


0. 1566500X1 0- 1 


G 


-0. 5996650x1 0" 1 


H 


0. 1961910x1 O" 1 


S 5 


£ 


0. 1 7 6 5 8 8 0 


D 


-0. 2461630x1 O" 1 


E 


0. 5475240X1 O" 1 


F 


0. 8936770x1 0" 2 


G 


-0. 3 6 0 4 6 1 Ox 1 0" 2 


H 


-0.26 2 3760X10 " a 


S 6 


e 


-17. 319785 


D 


-0. 9529140X1 O" 1 


E 


0. 3618380x1 O" 1 


F 


-0. 5356020x1 0" 2 


G 


- 0. 7 2 8 7 3 3 0 x 1 O" 4 


H 


0. 4659120X1 0" 4 


S 7 


€ 


- 1 . 12 2 6 5 10 


D 


-0. 1108290 


E 


0. 2459010X10" 1 


F 


-0. 3 8 9 7 1 9 OX 1 O" 2 


G 


0. 4 1 2 1 5 5 Ox 1 O" 3 


H 


-0. 2685440 xlO" 4 
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[0046] 

Here, it is the value of conditional-expression (l) - (6), 

(1) TL/f=1.31 (<1.6), 

(2) nul=81.6 (> 45), 

(3) **R4**/**R5** - =1.14 (0.7< 1.14<2), 

(4) R6/R7=3.08 (l< 3.08<4), 

(5) D5/f= 0.02(<0.15), 

(6) D4/D 6= 1.097 (0.8< 1.097<1.3), 
It became and all are satisfied. 
[0047] 

For 4.15mm and a back focus (air conversion), whenever [ angle -of-emergence / of 
1.56mm and an outermost angle beam of light ] is [ a lens overall length ] ** in the 
condition that a back focus is not included in the above-mentioned example 3. - 
18.9degree ** and the f number are set to 3.96, a field angle sets it 60.8 degrees, it is a 
thin shape (the dimension of the direction of an optical axis is short), many aberration is 
amended good, and the high taking lens of the suitable optical-character ability for the 
image sensor of a high density pixel is obtained. 
[0048] 

[Effect of the Invention] 

The thin taking lens with which many aberration was amended good can be obtained 
with the simple configuration of three groups [ three ], canceling the KERARE 
phenomenon in an image sensor etc. and attaining miniaturization, lightweight- izing, 
and low cost-ization etc. according to the taking lens of this invention, as stated above. 
Especially, whenever [ angle-of-emergence / of a beam of light ] is 20 or less degrees, a 
back focus with a lens overall length as suitable short moreover as 4.5 (in the condition 
that a back focus is not included)mm or less can be secured, many aberration is 
amended good, and the suitable small thin taking lens for a high density image sensor 1 
million pixels or more can be obtained. 
[Brief Description of the Drawings] 

[Drawing ll It is the block diagram showing 1 operation gestalt of the taking lens 
concerning this invention. 

[Drawing 2l Each aberration Fig. of the spherical aberration of the taking lens 
concerning an example 1, astigmatism, distortion aberration, and the chromatic 
aberration of magnification is shown. 
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[Drawing 31 It is the block diagram showing other operation gestalten of the taking lens 
concerning this invention. 

[Drawing 4l Each aberration Fig. of the spherical aberration of the taking lens 
concerning an example 2, astigmatism, distortion aberration, and the chromatic 
aberration of magnification is shown. 

[Drawing 5l It is the block diagram showing the operation gestalt of further others of 
the taking lens concerning this invention. 

[Drawing 6l Each aberration Fig. of the spherical aberration of the taking lens 
concerning an example 3, astigmatism, distortion aberration, and the chromatic 
aberration of magnification is shown. 
[De scrip tion of Notations] 

1 Aperture Diaphragm 

2 1st Lens 

3 2nd Lens 

4 3rd Lens 

5 Glass Filter 

D1-D8 Spacing on an optical axis 

BF Back focus 

R1-R9 Radius of curvature 

Si - S9 Field 

L Optical axis 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing l] It is the block diagram showing 1 operation gestalt of the taking lens 
concerning this invention. 

[Drawing 21 Each aberration Fig. of the spherical aberration of the taking lens 
concerning an example 1, astigmatism, distortion aberration, and the chromatic 
aberration of magnification is shown. 

[Drawing 31 It is the block diagram showing other operation gestalten of the taking lens 
concerning this invention. 

[Drawing 4] Each aberration Fig. of the spherical aberration of the taking lens 
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concerning an example 2, astigmatism, distortion aberration, and the chromatic 
aberration of magnification is shown. 

[Drawing 51 It is the block diagram showing the operation gestalt of further others of 
the taking lens concerning this invention. 

[Drawing 6l Each aberration Fig. of the spherical aberration of the taking lens 
concerning an example 3, astigmatism, distortion aberration, and the chromatic 
aberration of magnification is shown. 
[Description of Notations] 

1 Aperture Diaphragm 

2 1st Lens 

3 2nd Lens 

4 3rd Lens 

5 Glass Filter 

D1-D8 Spacing on an optical axis 

BF Back focus 

R1R9 Radius of curvature 

S1-S9 Field 

L Optical axis 
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